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% a £ %l & - 3f ^ /& 1! * *t #J 3~ & 0 ^t^iil- 

# #L ^ - ^ U ^! a S a ^ ^ ft f *o # "t t ffi & ft ^ 

9t B. ' 4^|:S^|fi£^7tPl ' a i| ^ f ^ |ij ;f # 

4£ i% % ' "^T S- h t & 3- if ija % M- JSL ' aft^iH^tite.^«*J 
(bottle wet etching) B^^^^^.^^ti » A A ±th if ^ 

^ ( - ) ^ i $ ^ ^ 1 l!, : I 7 1 « 

( jz. ) > # ft ^ ffl 7t # ft £ # ffi Jp- t£ : 

100- & ; 
1 0 2 ~ f- ^ ; 

I ~ # _t ^ £P ; 
I I ~ # T * *P ; 

^ - &X&Wffi$r i&W&m ■ Method of forming bottle trench) 



A method of forming a bottle trench. First, a 
substrate is provided. Next, a hard mask with an 
opening is formed on the substrate. The substrate 
is etched through the opening to form a trench 
having an upper part and a lower part. An 
insulating layer is formed con f orma 1 1 y on the hard 
mask and in the trenches. A shield layer is formed 
in the lower part of the trenches. A part of the 
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I 08a~ ^ © ^ jg. £ ; 
106a~&®Jl4b,*; 

I I 0 ~ 4ft t£ M ; 

3 0 0 ^j|2$^ • 



^ » ^Xj^ft-S- '■ Method of forming bottle trench) 

insulating layer, which is not covered by the 
shield layer, is then removed. A protective layer 
is formed on the upper part of the trench. The 
shield layer and the insulating layer are removed. 
Finally, the substrate of the lower part of the 
trench is wet etched using the protective layer as 
a mask so as to form a bottle trench. 
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jl » (i) 

[ % m m M 4l & #r 4i ^ ] 

^ # ^ # # M ^ ^ It flt IS t & #J 3SL a & #f ' # J5'J 

* M 3fr 54 ffl ifr H fit tfk # i£ -ft- It (Dynamic Random 
Access Memory ; DRAM) 3Ht « S ffi «?«L5!*3»4t^^ 
/& ^ 0 

[At ttt] 

Pit £ *fr & fit & # ^ *& 'It ft ^ $ & # £ if #o ' # ^ $ 

^ s f & 'It- -f- 7t ( m e m o r y cell) X. t ' ft 'IS ?t #J ^ "t • 
& & 3fr «fc # 41 4*f(photol i thography ) #j & >J> # # & ° I§] 
- .j& ^ ^ # - £ * # *# # f a JL *b & ^ DRAM - f # 

^^lt*/&^^^^jL^>##(vertical trench) € • 
*& H fit a # ^ *£ 'It It (DRAM ) tf] % D R A M fa JK % # - 

m € b b h it ^ - is -t s ' a itb *a # ^ & to *& 'it ft -r ' 

DRAM •raitfJ^tSfiii**! ' & #DRAM £ ±4 a ffl £ 

* ' * ^ j£ ^ -f ^ It # £. 4s t ' #*^^^*tt^H^ 

* 0 ffij 3* n t S- 1 h Jn A S. % tt 'It Jfe F# H. 

(memory cell array area) %° 9& fa & % & 
(decoupling capacitor area) > ^tt&ltftl^f'jlljl 

(noise) d ° 

-tDRAM #} K -f ffi >b ' ft # « # t S # fit 4l £ * ' 0 
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i « &Wiftm (2) 

itb ' tfl-ftlt^^#tf^^* ' io *k *J 4- It A 

A jX. # A 31 4* ^ 3p ft ^ ' /& #5. Ifi jfc # (bottle shaped 
trench) > # ft ^ /£ # #J 2r ^ ± # #, # ffl # # ft 

* 

It, -fefe £] ( a n i s o t r o p i c dry etching) ^ ^ » 1>J Jto JL m Jf. #ij 
5,112,771 > te*.JLi44J-*J»7fr^^-**##^*p#A6<j 

# s£ # afc FR. J£ J- 3£ £fc a *e $<J ' ^ *i •# # ° 

m ft » f £° *»] ffl H 4b /"£ ( n i t r i da t i on ) a m /& ft 4b 
4fc & H. £ ' a itb ' & & <t % fL 4b ft 
M ' & &^3&fi-jfB.3!'fife ill (bottle wet etching) a£ & £t £ 

- & # m ^ m o ^ -t •£ ph > m fa % % * & $t * 

# * ' f £° ^ 5* # $ S- it £ # f *J ffl & ia * % ifr s* # 

ft 2|W1f is, i& & 4i ffl ' & IS. 41 -f- Ja & £l £ 1 . j£ & & KB. 

* 4L fii] 6<J ffi % >\k ° 2 . *£ 'ft P+ & ( # 3? A lit A ) 

ft & ^ #J _L & © 4s ^ - £ SE & ° *» itb - ^ > ^ -fit -S- ?fc 

II # & Hl > -tki it # f& -It Ife P# ?'J i i f $ H ^ t t f ^ ^ ' 
l_t#Tt^#tf#Hf^ r a 9 j &ij I * f I T 0 

* ^ ^ itb - £ T # & -b i£ PJJ & ' # ■ ± # § ft h9e. ^ 

^ # — It & 4- & m. -sp- Ja A >!r * » 
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(bottle wet etching) B£4S.4&;fc£.<#ft& ' A A itfc-±f i>o 
fffl d X. "t ' 4£ # ± *P ^ 3fe £fe £'J - # Bfc- f £° W H -fb * 
*f*/£*L4b4fci*l£,t#>F3£ ' ^Ti8AIL^b*/9f^j^4L ft *fc # 
# #l # 5. ^ #j M ' & * ^ it *f #ft M -fek M ( bo 1 1 1 e 

wet etching) J, 4. W ft * • 

^ S # > ^ ^ a/3 ^ tfc - « ^ /& #L fl # #J 

_t it £. j£ * ® ° # £ ' M & _L it -f- & #J ffi o <& M _L 14 
° & & ' J'i >& 'l± ^ /£ - ft 4b % ^ -t- it # w A «. f. £ ® 

£P & J& * © 0 #- ^ ' ff>/&-ftl£;i^Jiit;##Ji^MP^ 

° # ^ ' * F£ _L it i& & J- ' ff&StA^^-L^jt^t 

T^£p^_titft4b,f ° ^ ' Kfr _L i£ ft lb ,f ' aS*± 

it * # T £P _L it & ^ £ © ■ |t 4k ' ±- it ft ti £ % 

it ' M _L it >£ T £P 4l £ >& ' « ^ j& - ifo 5! 31 *f - 

ifr #r it ' JLi£**£'&H4b4Knitride) ° ii J. ' 
ff> $ _h it * # #. #'J ffl # % fa 44 ^-(anisotropic 
etching) w t i ° ^ *h • -h i£ ft 4b >t # 8Mb £ & & ft 
/'i: (chemical vapor deposition; CVD)^/f^^c 0 

*o it /9f it ' _L it ft 4b M & & # # #7 « ^ra^^^ii. 
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>i- (chemical vapor deposition; CVD) 





& ° 

*L * # a 3 ' tf> /& -L 14 4* ti £ ^ _t i4 * *i ±- ^ ^ & 

^ It ft #j 3" /'ir # : 

•r & ' m m 4± % & - # ti >t ^ _l i4 j* # *p ^ * & -L 

i4 * # -L -f «P #J S * ® 0 ^ ^ ' *(^_Li4*#^^^© 

' 41 @ T ^ ^ _L i4 * # -b ^ #J >H * ® ^ ^ ti 

I? t ^ # i. H i ^ > ft it .Sfe Ife H IS h tt ' 

T 1 ^ 1 1 t f ^ #J ' i£ se, ^ ^/f m M ' ^ n to ft w 
T : 

[ It 3- ^ ] 
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5- • M«LW (6) 
ft tit ^ # a £ — & ^ #'J • 

n- & ' tt # & % 1 n ' *i m # # «t ^ $t a 

(photolithography) «A-tt*J^-J» • >x ^ #>J *o Jp. e? h & 

(openings) ^^.-f-^Chard mask)lG2 - & & - #'J fll # # ft 
tl# I'J * it J- $L ffi * -fb H(HBr) > -ft 8L ( NF 3 ) > || 

( 0 2 ) & H %> Bl J& ft ft ' & fcJ^i£^*£102tt«n«SiJ.f 
^14^^.100 ' a — j£ £ A #) 60000-80000 A #j J: £. s?C 

xfr tit 1 0 4 ' ifc^ttfti^^Ji^^IaAT^^II 0 

t • *fr & ^ 2 n > * j m -fb # a *a * * 

(chemical vapor deposition ;CVD>itJ.#ffl— H ^ ^ 4? 

4. 5- & H H ft fln ' tifr 1 0 4 # * 6 *g M 4± % & M- Jk A m 
100-300 A m ^-fb^^l06^^#104a^^f-^102^a ° 

£ t ' ft lb ^ >f 1 0 6 A M # # #r * #1 *» : *t ( As ) ° 

$ & ' n #- # 3 ffl ' >j ^ ffl ^ * it ^ ^ * 

(chemical vapor deposition; CVD)^^, — 3^^.^108j-X 
*£^_hi&>t#104ft ° it Ix ^ 1 0 8 # f & # ?i a a a ^ (poly- 
silicon) > * Jf- JSL A %t ^ 20 0 0 - 400 0 A - ^ It 1 08 ^ # f 

^^^^i±$4$t4L- • « & B a a # ^ ft f £o jg. ^ ^ ft t 

&t#T*fcffl^&ls. ' # & 4t © * f Ja # & pa. > a t £ f 
£o ^ $j tit ji 4 *P & i& & t % i. it is. & « & 1- * fi 3£ 
^ * it 4E #J ft r-1 * ° 

& ^ , t f # as $4| , #ij ffl #f ft, ^b # ^(buffered 
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s. (7) 

oxide et chant ; BOE ) Bfr 3p i& & >f 1 0 8 • 4 f'i ig it yf 

108^&|%L^100^©4i5E — % £ ' ^8000-14000 

A • a®T^®iSiR>fl0 8a^*#T^-«PII - « $•) ig It >f 
10 8 *>J ffl *k $J i& $ a ^ £■ 4fe M ^ ffl -k «l • a a^ r-1 M s£ & 

^ *j *f it ° * ^ & & * i o 8 #. #«j ffl me m & ^ # ' 5t 

& * * 1 0 4 - @ *b" > & t& ^ 

104^^^^ 3 # ^ > 4-3»flH04rt4Liget^JS^*ra^iLif- 

^§ JS] ° & tfn f & &m X £ jfc ft jt m. ( p h o t o r e s i s t ) M. & 
It M ' & ^ & ia #'J $ ^ 1: ( sp i n coating) ^ ^ ^ — 5^ 
^*A^M^t^lHia«Jfe^ & j* *t ' & * tiL & 3» # 

1*3 #j t£ P-i- if- 5. ^ 3 - & ° 

*l^iM&?%@i&St,fl08ai&^^ft4b^l06 • a S £ >IM# 
_L ^ ^ I & & 1 0 0 * © > itb a^ fit & T 4t T £P I I ^ H 4b 
*p yf 1 0 6 a - 

* =fc ' ft # as $ 6 ffl. > i'll # - ^ ti >f 1 1 0 n j& n 

& ® n * # _t i ^ m % & & - #ti/tno^#f& 

# H-fb ^(nitride) » - «T #'J A3 4b # ft *S ^(chemical 
vapor deposition; C V D ) m J& ' ^100-300 

A - ^ % m % - i. %t & Wl ' #, a jjt j* #j ^ ^ j& H ^fb 4^7 
^ fk J% 1 1 0 ' S- ^ ¥ & if ^ ^ ^ 5. . a «. ^ ^. *t it fl- 
fl£ 4* S'J ( b o 1 1 1 e wet etching) a^tft ^,^.^^f ° 
$s % ' It as % 7 ffl ' IT «fe - 4. Jl a ^ 3 0 0 ' 
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i ' MM (8) 

IL-fb^^l06a4i#*fc*7JK^j*#T + *PlI-2i4t^lOO t ° 
5. #J 4 8 0 0 ~ 1 0 0 0 °C : • 

$ & ' *t # as # 8 n » #j *» # # ^ ^ 4k m >k -k m 

T -fit ^ j* *t _h -Sp I #J « ^ da ^ & m. M 1 1 0 a ° 

m '4l ' ft # , B £ $ 9 ffl ' #J w II I St(HF) & 6k M «. - 
fife- & g it & /f 1 0 8 a > ifQj£ifMA^i£#T J MMI^&&IL 
4b >§ 1 0 6 a • 

& £ ' ft sa % i o m ' *^^^*flrT-f«pii4L^® 

ft^b^l06a - a*!Uj»#T-^«pII^*.4&*ft ° 

# T ' ft $- & % 1 1 ffl ' a««4H10a^a|jR. > iH *• 
#<J ffl 4 * >S «( #J 3t *t #J T -f *P I I #j * j& 1 0 0 ' w ^ 

& ^ # $ A £P #L 3! (bottle shaped)112 • & itb & & 

# £(100-300 A) ^^A^f^^^fl^^- & ( 3 0 ~ 4 0 A) • 
itb 14 *] jfc ^*##^**tll:'ffcfc£.#J'6&ti. ' *P -fit -tt 

S'J H ' if^jffL^WcrX.^- ' #5 ># # -L -f ^ ^ =fe -14 M ° 

^ # a/J g£ a #5. It & & -L ' & * it # ffl a Ff^ £ 

* # B £ #J IB IS ' 'fi fa & § itb II & $ * ' £ * #L & ^ # ^ 

H ?t #o $l in 1*3 . #Ti&^3i#jjtt&|k ^ ' s itb # m 
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10 0- J&; 

1 0 2 ~ -f- & ; 

1 0 4 - jfc # ; 

I ~ *t -h -f £P ; 

1 1 ~ * ft T * *P ; 
1 0 6 ~ ft 4b ^ /f ; 

1 0 8 ~ ig It /f ; 

1 0 8 a ~ ^ @ m m. M ; 

1 0 6 a - yk % ft 4t >i ; 

I 1 0 ~ % i% % ; 

3 0 0 - $v 4 Jl ^ ; 

I I 0 a - $t % % Hl % ; 
1 1 2 ~ #H ^ * # ° 




•Jt- it #j "t & ' ji it it & & t n 9 & 
& - & & ; 

& * _L it * #J im o «t $J _L it j£ . a ^ ^ — & 

*f ' *b # #: II ^ ^ Jl ^ a T ^ £P • 

* ^ - ^ it # ^ -t ^ at # r 4- ; 

^l^^^iiti&l&^i&^^-titP&l&yf ' a S ifc _t it 

# jl -f *p ^ * 4£ * « ; 

^ ;£ - i% t% M ifr -t it ;» 4f _L + ^ ^ & 4£ & © ! 
ilt±li|if ' ^SiiMiL^Jiit^^T^MP^-Lit 

i% ^ * ; 

* fifc- _l it i% m M ' «jtisJ^idtj*^tT-f«P4Ljii|t^.4& 

W _L it ^ li # %> i& £x ' « $J _L it # T 4- ^ ' 

u m & - mm 4t ° 

2 . 4o t tt jf. #<j i£ n $ i if? m it ^ ^ & m. ^ * *t #j ^ 

> 4 t i «;(silicon) ° 

* ' £■ t -L it %L 3fL $. IL 4b ^(nitride) ° 

4 . t if * #j n 09 $ i #t it ^ ^ & m n # 

. £. t ^ it, -L it >t # # #'J ffl # # ft tfc *k *J ( a n i s o t r o p i c 
etching) i-X^ic 0 
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5 . *a t tf * >J || ffl |S 1 m HL Z- & fa %L m * « #J 3" 

* ' ^ t iH^/l # *'J ffi -fb # a # xt^*(chemical 
vapor deposition; C V D ) ff\ fa #L 4b #7 ° 

6 . t tt 4f. ,f ij n ffl ^ i ^ ^ idL ^ w fa m. n J* # W 3" 

* > & t _l i£. i% m % & & # & #7 ° 

7 . * 0 t tt * *<j m n % 6 # 0f m. w fa u m ft # it 

& ' & f ^ ft fa ± & & & M ^ ± & & ^ ± & & & 

> ^ t # *'J ffl $v A s ^ a ife # ° 

9 . ia t If #'J £ ffi % 1 ^ #T it ^ % fa #L ^ 3* # #J # 

10. & t tt jf'j £ s %\3%m&^%fafaQ&^#}3~ & 

T ?'J ^ : 

^ /£ -b ig. it & ft- _b # 1*3 £P I « & 

^i^iiC^^t-b + ^^iiiiigSx^ ' a @ T -b idt 4f 
T^MP^-bi&i&ix^t 0 

11. *o f ff ^- #<J % ® % 1 ^ #f it ^ ^ /ft U ^ J* # # 

>ir ' ^-t-bii.it&yf^^Jffi'fb^i.^g^^^rCcheniical 
vapor deposition; CVD)^^^, ° 

12. Jjo f If 4M'J f& SI % \ ^ ^ fa ^ : i% ft &J 

* ' * t _b it ^ f£ >f # H 4b ( n i t r i d e ) ° 
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t 



& ' % t Jo. it & M %M ffl 4b & Ml fa yjl # & ( c h e m i c a 1 
vapor deposition; C V D ) #f 3^ j& - 

14. - * ^ #£ 51 ft *# #J * ' 

te. 'It 4ft ¥j % S- ' -h it & $L & T n a? m. : 
«. 4& - ^ ; 

M & Ji it ^ * ^ i# fN5 o |£ _h i£ ^ ' W j& — ft 

# ' itb ft # & ^ 4/ Ji -f *P ^ & T -f £P ; 

^ 7v - it m. M ft X it ft # # T 4- «P : 

J'll i& <l± j& - 1£ tt. # ^ -t it ft # # & © * -t- it ft « 

Ji -f *F 4l flj ® 4t » ; 

^i&Jiitft^t^-^^fi^^il^ ' -ft I? T fa ft _L it ft 
4t -L -f £p #J ^ £ & & tf £ ; 

■k m _L it it jg£ M ' ffi^tfcte^JiitftftT-^MP^-t-it 

m m m ; 

* 4ft ^ i it ft # T ^ £F ^ i it Pl> il£ ^ ' « f it ± i| 
« _t it 4fc tl /f & it St ' 4* *J -h it ft *t T £P ^ & & > 

15. ^ f f f # #<J 15, U fl4^mit-^^^.m^ft#^^r 
& ' £ t _t it ^ #> ^ (silicon) & ;& ° 
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16. ^ t ft % M la Si %l4^^&3Li&j&m<m&^&)lT 
> t _L it ^ ft 4b ^(nitride) - 

17. t ft 4 #J la III J£ 1 4 3t #f it 4l ^ 3^ # # 

/'£ > & t ^ -L it #. *'J ffl # $ ft <fck £fe £| (an i sotrop i c 

etching) a.^ ^ ° 

18. 4n f ft M i& IS 3M4^/^it^^/fc#si.3!j#**#j2r 
* ' % t -b it fill # /f #'J ffi 4b ^ 4§ ^ * ( c h e in i c a 1 
vapor deposition; C V D ) #r ^ |l 4b y# ° 

19. 4n t ft * M %l m % 14 m ft & & & n& %l & t% 

& - £ t -L it m m % ti # # #j ■■ 

2 0. 4o t ft -I- #'J & S 3M9#/tfi|C4L^/fcjfc2!fclt#3- 

- & t 2fr fl* ^ /& -b it fi & Ifr Ji it ?* # ^ £P £ © 
JL it # _t # ^ M £ * ffi ^ ^ % it & & : 4& JL it # m 

21. ^ttt#^J|£lil^20^^it^^^lfe^}>*#^^ 
& ' ^t±t#tftili^ #. f 'I ffl ^ 4 S *i a it ft 0 

2 2. ^fffr**]|&ffl£14:>S/^i£4^j£jfe^ft**#3r 

- * t _b it it & ># # ?i H ° 

2 3. in f ft *«J fg, g| $ 1 4 ij| #r it Z- ft & fa *t ^ 3" 

- *t*^-bititii^^Jiitj##^T^^^#l^£a 
& T # I* : 

^^,Jiitit^>t^_Lit>*#^^ : a 5. 

*i^jLit;JMtJi J MP-^Jiiti£&;t ' -fit @ T * -t & 4t 

T^^P^.-biti^lit^ 0 
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2 4. 4o t tf #J la ffi |U 4 ^ /*/r i& ^ ffi* /& #E ^ # #j 2r 
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